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tABSTRACT. May AM, van Weert E, Korstjens I, Hoekstra-
eebers JE, van der Schans CP, Zonderland ML, Mesters I,
an den Borne B, Ros WJ. Monitoring training progress during
xercise training in cancer survivors: a submaximal exercise
est as an alternative for a maximal exercise test? Arch Phys
ed Rehabil 2010;91:351-7.
Objective: To examine the use of a submaximal exercise
est in detecting change in fitness level after a physical training
rogram, and to investigate the correlation of outcomes as
easured submaximally or maximally.
Design: A prospective study in which exercise testing was
erformed before and after training intervention.
Setting: Academic and general hospital and rehabilitation
enter.
Participants: Cancer survivors (N147) (all cancer types,
edical treatment completed 3mo ago) attended a 12-week
upervised exercise program.
Interventions: A 12-week training program including aer-
bic training, strength training, and group sport.
Main Outcome Measures: Outcome measures were changes
n peak oxygen uptake (VO2peak) and peak power output (both
etermined during exhaustive exercise testing) and submaxi-
al heart rate (determined during submaximal testing at a fixed
orkload).
Results: The VO2peak and peak power output increased and
he submaximal heart rate decreased significantly from baseline
o postintervention (P.001). Changes in submaximal heart
ate were only weakly correlated with changes in VO2peak and
eak power output. Comparing the participants performing
ubmaximal testing with a heart rate less than 140 beats per
inute (bpm) versus the participants achieving a heart rate of
40bpm or higher showed that changes in submaximal heart
ate in the group cycling with moderate to high intensity (ie,
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Conclusions: For the monitoring of training progress in
aily clinical practice, changes in heart rate at a fixed submaxi-
al workload that requires a heart rate greater than 140bpm
ay serve as an alternative to an exhaustive exercise test.
Key Words: Exercise test; Heart rate; Oxygen consumption;
ehabilitation; Survivors.
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LTHOUGH THE PROGNOSIS for cancer patients has
improved, a substantial number of patients continue to
eport physical and psychologic complaints after completing
rimary treatment.1 Exercise training has become increasingly
ecognized as beneficial to cancer survivors and seems to be
ssociated with less severe side effects during and after cancer
reatment.1-5 Reviews of the effectiveness of exercise interven-
ions after cancer treatment demonstrate a beneficial effect on
hysical fitness and also on overall quality of life and physical
unctioning.3,6 Consequently, interest in validated fitness eval-
ation tools for the purpose of monitoring the physical fitness
evel and training progress of cancer survivors participating in
xercise training has been growing.
The criterion standard for assessing physical fitness is
O2peak.7,8 The VO2peak is assessed by means of respiratory
as analysis during graded exercise testing up to exhaustion.
owever, in daily clinical practice, such an exercise test has
everal disadvantages. It may be unpleasant for cancer survi-
ors and requires experienced personnel and medical supervi-
ion, as well as the use of expensive equipment. For monitoring
raining progress throughout the training program, exercise
List of Abbreviations
bpm beats per minute
HRhigh group participants who performed baseline
submaximal exercise testing with a
mean heart rate of 140bpm or higher
HRlow group participants who performed baseline
submaximal exercise testing with a
mean heart rate lower than 140 bpm
HRpeak heart rate at peak
HRrest heart rate at rest
HRtr training heart rate
1RM 1 repetition maximum
rpm revolutions per minute
VO2peak peak oxygen uptake

















































































































352 EXERCISE TESTING IN CANCER REHABILITATION, May
Aesting is necessary. Frequently performing an exhaustive ex-
rcise test places a serious burden on cancer survivors. Hence,
or monitoring purposes, a validated submaximal exercise test,
hich is easily performed, inexpensive, well accepted by can-
er survivors, and capable of tracking the improvements in
O2peak, would have greater applicability in daily clinical
ractice.9,10
Research in the field of cardiac and pulmonary rehabilitation
as shown moderate to high correlations between submaximal
nd maximal exercise capacity, and it was concluded that
ubmaximal testing is a useful substitute to maximal exercise
esting.11-14 To date, no submaximal test has been validated in
ancer survivors. It is conceivable that cancer survivors might
eact differently to submaximal exercise testing because they
ften experience fatigue of which the physiologic basis is still
oorly understood.15 Also, the effect of cardiovascular compli-
ations secondary to known cardiotoxic and pulmotoxic effects
f many chemotherapeutic agents and the effects of radiation to
he mediastinum on submaximal exercise outcome is not yet
nown.
The aim of the present study was to validate a submaximal
xercise test in cancer survivors to be used for monitoring
urposes. For this purpose, an exhaustive exercise test was
sed to evaluate the effect of a 12-week supervised physical
raining program in cancer survivors. In addition, all partici-
ants performed a 10-minute submaximal cycle ergometer test
t a fixed power output with submaximal heart rate as the
utcome measure. This allowed us to validate the use of a
ubmaximal exercise test in oncology patients. Our present
bjectives were (1) to validate the use of the submaximal
xercise test in detecting change in fitness level after our
2-week physical training program, and (2) to investigate
hether the change in heart rate at a fixed submaximal work-
oad was related to the change in VO2peak and peak power
utput from preintervention to postintervention. We expected
he change in this physiologic parameter measured at a fixed
ubmaximal workload to be negatively and linearly associated
ith the change in peak exercise capacity; that is, the greater
he decrease in submaximal heart rate, the greater the increase
n VO2peak and peak power output.
METHODS
The present prospective study uses data of a randomized
ulticenter trial that was conducted in 4 Dutch centers: 2
niversity medical centers, 1 general hospital, and 1 rehabili-
ation center. The medical ethics committee from the Univer-
ity Medical Center Utrecht and the local research ethics com-
ittees approved the study that was performed according to the
elsinki Declaration of 1975, as revised in 1983.
articipants
Inclusion criteria were age of at least 18 years; last cancer
reatment completed at least 3 months before study entry;
stimated life expectancy to be at least 1 year judged by the
atient’s physician; and referred for rehabilitation by a medical
pecialist or general practitioner based on the presence of at
east 3 of the following 6 criteria: physical complaints, reduced
hysical capacity, psychologic problems, increased levels of
atigue, sleep disturbances, and problems coping with reduced
hysical and psychosocial functioning. Cancer survivors were
xcluded if they had cognitive disturbances, serious psychopa-
hology or emotional instability that might impede participation
n the rehabilitation program (these criteria were judged by a
sychologist or social worker), or if they needed intensive
edical treatment or rehabilitation. Patients who took medica- s
rch Phys Med Rehabil Vol 91, March 2010ion that might affect their heart rate were also excluded. All
articipants provided written informed consent.
ntervention
The present intervention has been described in more detail
lsewhere.16,17
Physical training. Sessions (twice weekly, 2h per session)
onsisted of a personalized exercise program based on baseline
raded exercise testing. Each session consisted of aerobic ex-
rcise (bicycle ergometer, 30min per session) and strength
raining (30min) followed by group sports (60min). The phys-
cal training was supervised by 2 physical therapists and was
rogressed according to a standardized protocol.
Aerobic bicycle training. Intensity was determined using
he Karvonen formula18 that used the HRpeak obtained from
aseline exhaustive exercise testing and the HRrest to calculate
he HRtr. Exercise training was at an HRtr of (HRrest  40% to
0% of [HRpeak – HRrest]) during the first 4 weeks and was
radually increased to (HRrest  70% to 80% of [HRpeak –
Rrest]) in week 12.
Strength training. 1RM was determined for each upper-
nd lower-extremity exercise used in this study. Resistance
raining intensity started at 30% of the 1RM with a frequency
f 10 to 20 repetitions over 3 series during the first week and
as increased until 50% to 60% of baseline 1RM in week 12.
esistance exercise was performed using machines targeting
arge muscle groups—for example, leg press (focusing on
uadriceps femoris, glutei, gastrocnemius), vertical row (lon-
issimus, biceps brachii, rhomboideus), and bench press (pec-
oralis major, triceps brachii).
Group sports. Sports such as badminton, soccer, swim-
ing, and balancing games were performed with the aim being
o promote enjoyment of sports and overcome any lack of
onfidence cancer survivors may have felt about exercising.
utcomes
Sociodemographic and medical data were collected at base-
ine. Medical data were confirmed by the referring physicians.
Physical fitness was assessed at baseline (T0) and postinter-
ention (T1; ie, at least 2–7d after completing the last exercise
raining session). T0 and T1 tests were consistently performed
y the same assessor who was not involved in the intervention.
articipants were asked to refrain from food and beverages
except water) during the 2 hours before exercise testing.
Exhaustive exercise test. Participants cycled at 60rpm
ith no workload for 1 minute to adapt to the cycle ergometer.a
he exercise test started with a workload of 20W, and the load
as increased every minute by 10, 15, or 20W until voluntary
xhaustion. The increase in load was estimated using formulas
rovided by Wasserman et al.19 Subjects were encouraged
uring the test. The test ended when the patient was limited by
olitional exhaustion, clinical symptoms (such as a significant
rrhythmia), or when the participant was unable to maintain a
ycling rate of 60rpm. In addition, physiologic criteria, like
espiratory quotient greater than 1.1 and achieving or exceed-
ng predicted heart rate, were used to check objectively
hether the patients worked to exhaustion. Heart rate was
ecorded continuously during the whole test using Polar
610i.b Blood pressure was measured before and after the
xhaustive exercise test. Participants also rated their dyspnea
nd rate of perceived exertion on a 15-point (6–20) Borg scale
efore and after the test. Expired gases, measured on a breath-
y-breath basis, were analyzed using Oxycon Delta,c Oxycon




























































































353EXERCISE TESTING IN CANCER REHABILITATION, Mayarbon dioxide output between analysis systems in the different
enters were small (3.4% to 2.4% difference from overall
ean at 150W) and fell within the range of day-to-day vari-
bility20 (data not shown). The VO2peak was calculated as the
ean of oxygen consumption values collected during the final
0 seconds of exercise. Peak power output was defined as
orkload at exhaustion.
Submaximal exercise test. The submaximal exercise test
as also performed on a cycle ergometer. Subjects completed
he submaximal test within 2 to 7 days after the exhaustive
xercise test. Before the test, subjects remained at quiet rest in
supine position for 10 minutes with no distractions. Then,
articipants cycled at 60rpm for 10 minutes at a fixed power
utput, namely 50% of peak power output determined during
aseline graded exercise testing. Using that workload, all can-
er survivors were expected to be able to finish the test without
eing exhausted and without developing an adverse event. The
est phase was preceded by a 1-minute warmup and followed
y a 3-minute cooldown, both at 25% of peak power output.
he test was performed in a quiet environment, and subjects
ere asked not to talk during cycling. Participants rated
heir dyspnea and rate of perceived exertion on a 15-point
6 –20) Borg scale before and after the test. Heart rate was
ecorded continuously during the test using Polar S610i.
ean heart rate, the primary endpoint, was defined as the
ean of all recorded heart rates from minute 3 to 10. A
ecreased mean heart rate from baseline to postintervention
uring cycling at the same fixed workload indicated im-
roved aerobic fitness.
ata Analysis
Analyses (R software, version 2.3.1)f were performed ac-
ording to the intention-to-treat principle. Only 2-sided signif-
cance tests were used (.05).
In order to retain power and to prevent bias from missing
alues in a selected group of respondents, missing values of
utcome variables were imputed by the mean of the pre-
icted distribution given the hierarchical structure and spe-
ific characteristics of the person (age, sex, weight, group
llocation) by using Bayesian statistics. Subjects with miss-
ng baseline values were not taken into account (exhaustive
raded exercise testing: n3 due to untreated hypertension,
ymphedema in both legs, and claustrophobia caused by the
ask covering nose and mouth; submaximal exercise test-
ng: n3 due to logistics). The reasons for these missing
alues were unrelated to noncompliance, withdrawal, or losses to
ollow-up and were not affected by the treatment these
articipants were assigned to. Therefore, postrandomization
xclusion was appropriate.21
Changes in outcome variables from baseline to postinter-
ention were analyzed using linear mixed-effects models.
With a view to examine the relationship between change in
ubmaximal heart rate and change in VO2peak and peak power
utput, Spearman rank correlation coefficients were calculated.
orrelations were also determined for 2 subgroups: namely, for
articipants who performed baseline submaximal exercise test-
ng with a mean heart rate measured between 3 and 10 minutes
f either below or above 140bpm (HRlow group and HRhigh
roup, respectively). The reason for this distinction was that a
eart rate below 140bpm is regulated by both the parasympa-
hic nervus vagus and the sympathic nervi accelerantes,
hereas a heart rate above 140bpm is regulated solely by the
ervi accelerantes, after which a linear relationship is assumed
etween heart rate and oxygen uptake.22,23 Fisher’s r-to-z
ransformation followed by Cohen’s formula were performed
o determine whether correlations differ between the HRlow (roup and HRhigh group. Independent samples t tests were used
o compare the subjects’ characteristics and the percentage of
Rpeak reached during baseline submaximal testing between
hese 2 groups.
RESULTS
A total of 147 cancer survivors were included in the study.
able 1 shows the baseline characteristics of the study partic-
pants. Fifteen participants discontinued the intervention be-
ause of medical reasons or personal reasons (n11 and n4,
espectively). Participants completed a mean  SD of 204.9
f 24 training sessions.
ffects on Maximal and Submaximal Exercise Capacity
The VO2peak and peak power output improved significantly
rom preintervention to postintervention (table 2). In 86.4% of
ll tests, the level of exhaustion was reached. Heart rate during
ubmaximal exercise testing at a fixed workload decreased
ignificantly from baseline to postintervention (see table 2). No
dverse events occurred during either the submaximal or the
xhaustive exercise testing.
ssociation Between Changes in Submaximal and
aximal Exercise Outcomes
Table 2 shows that change in submaximal heart rate is
eakly correlated with change in peak power output from
aseline to postintervention and tended to be weakly correlated
ith change in VO2peak (P.08).
ubgroup Analyses
It has been suggested that a submaximal test is predictive of
aximal aerobic capacity when a heart rate of at least 140bpm
s reached.22 Therefore, we also performed the analyses sepa-
ately for the HRlow group (heart rate 140bpm) and the
Rhigh group (heart rate 140bpm). Table 3 shows that par-
icipants of the HRlow group and HRhigh group did not differ in
ex, type of cancer, type of treatment, time posttreatment, body
ass index, and baseline VO peak and peak power output



















Time posttreatment (y) 1.31.7
OTE. Data presented as mean  SD for continuous variables and
requency (%) for categorical variables.2
P.05). Also, baseline fatigue levels were not different



































354 EXERCISE TESTING IN CANCER REHABILITATION, May
Aetween the 2 groups (data not shown). Subjects of the HRhigh
roup were younger compared with the subjects of the HRlow
roup (P.004).
Table 3 also specifies that the HRhigh group cycled at a
igher percentage of their HRpeak compared with the HRlow
roup during baseline submaximal exercise testing. Workload
f the submaximal exercise test tended to be higher in the
Rhigh group. The change in heart rate from preintervention to
ostintervention was larger in the HRhigh group (P.001;
ohen’s effect sizes24 were .26 and 1.47 for the HRlow group
nd HRhigh group, respectively, and .43 for the total group).
ated perceived exertion after each submaximal exercise test,
Table 2: Exercise Performance at Baseline and PostInterventio








Submaximal HR (bpm)‡ 125.416.6 120.5
OTE. Values are mean  SD or as otherwise indicated.
bbreviations: BL, baseline; CI, confidence interval; HR, heart rate;
P.001 for change from baseline to postintervention using linear m
Assessed during exhaustive graded exercise testing.
Assessed during submaximal exercise testing.
Spearman correlation coefficients were calculated for change of ea




















Time posttreatment (y) 1










OTE. Data presented as mean  SD for continuous variables and
bbreviation: Wpeak, peak power output.
HRlow group—participants cycling with a heart rate below 140bpm
140bpm at baseline (n27).
P value for between-group differences using linear mixed-effects model
HRpeak was assessed during preintervention exhaustive graded exercise
rch Phys Med Rehabil Vol 91, March 2010s well as change of rated perceived exertion from baseline to
ostintervention, was not significantly different between par-
icipants of the HRlow group and HRhigh group (data not
hown).
Correlational analyses revealed that in the HRhigh group,
hanges in submaximal heart rate were clearly related to
hanges in VO2peak and peak power output (r–.51 and .69,
espectively) and borderline with relative VO2peak (r.35),
hereas the correlations in the HRlow group were not signifi-
ant (table 4). Indeed, the correlation coefficient in the HRhigh
roup was significantly different from the coefficient in the
Rlow group (P0.04).




(Postintervention – BL) (95% CI) Correlation§ (P )
2.9 165.0 (131.8 to 198.2)* .15 (.08)
2.1 (1.7 to 2.6)* .12 (0.1)
.7 16.2 (13.7 to 18.7)* .18 (.04)
.9 4.9 (6.3 to 3.5)* 1.0
, peak power output.
-effects model (n141).
ther outcome with change of submaximal heart rate.
140bpm (HRlow Group) and Above 140bpm (HRhigh Group) During
esting at Baseline
up* HRhigh Group* P
†
0.6 43.30.7 .004
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355EXERCISE TESTING IN CANCER REHABILITATION, MayDISCUSSION
In the present study, the effect of a physical training program
n cancer survivors was evaluated by means of an exhaustive
xercise test and a submaximal test at a fixed workload. Using
his design, we were able to investigate the sensitivity to
hange of the submaximal exercise test by comparing the
hange in submaximal heart rate with the change in VO2peak,
he criterion standard for assessing exercise capacity. We
howed that VO2peak and peak power output significantly
ncreased from baseline to postintervention in the present study
opulation. The heart rate response to a fixed submaximal
ower output was consistent with these findings. In addition,
ur results revealed that only changes in submaximal heart rate
hile cycling at a heart rate above 140bpm were associated
ith changes in VO2peak and peak power output, indicating
hat during submaximal testing, an exertion of moderate to high
ntensity is necessary.
The strengths of the present study were the large sample
ize, the supervised and standardized intervention, low dropout
ates, and the validated measure of fitness. A limitation of the
resent study was the small number of participants in the
Rhigh group (n27) and that this group consisted of younger
ubjects compared with the HRlow group. Future research
hould include more cancer survivors cycling at a fixed work-
oad that elicits a heart rate greater than 140bpm to confirm the
elationship between changes of submaximal and maximal
xercise testing outcomes. All participants in the present study
ompleted the exhaustive exercise test, which suggests that all
ould have been capable of completing a submaximal test with
oderate to high intensity.
The improvements of VO2peak and peak power output
eported in the present study are in accordance with the
ndings of others.3,16,25 De Backer et al25 also used a
ubmaximal and an exhaustive exercise test for the evalua-
ion of an 18-week physical training program. Contrary to
ur results, the authors reported that the heart rate at 50%,
0%, and 70% of peak power output did not decrease in their
articipants from preintervention to postintervention,
hereas VO2peak and peak power output improved signifi-
antly. A possible explanation of these opposite findings
ight be the submaximal testing protocol they used: the test
Table 4: Subgroup Analyses for the Group Cycling With a Heart R
During Submaximal Exercise Testing at Baseline: Exercise Perfor



















Submaximal HR (bpm)§ 148.65.6 1
OTE. Values are mean  SD or as otherwise indicated.
bbreviations: CI, confidence interval; Wpeak, peak power output.
P.0001 for change from baseline to postintervention using linear
HRlow group—participants cycling with a heart rate below 140bpm
140bpm at baseline (n27).
Assessed during exhaustive graded exercise testing.
Assessed during submaximal exercise testing.
Spearman correlation coefficients were calculated for change of eatarted at 50% of peak power output and was increased by o0% every 3 minutes, sampling the heart rate during the last
5 seconds of each stage. A duration of 3 minutes might be
oo short in this deconditioned population to achieve a true
teady state that is needed for a valid monitoring of a heart
ate response to submaximal exercise. In the present study,
he participants cycled during 10 minutes at a fixed work-
oad. This duration is in line with recommendations of
strand and Rodahl,22 who reported that a period of about 4
o 5 minutes is necessary to reach a steady state.
Our finding that only changes in submaximal heart rate
hile cycling with a heart rate above 140bpm were associ-
ted with changes in VO2peak and peak power output might
e explained by the findings of Davies,26 who observed that
igher intensity work resulted in intraindividual variations
n heart rate of 2%, while intraindividual variations at lower
ntensities were higher and ranged from 3% to 8% when
sing the Astrand-Ryhming test,27 which is a comparable
ubmaximal cycle ergometer test. Moreover, in healthy sub-
ects Astrand and Rodahl22 recommended a heart rate up to
r above 140bpm to generate the best estimate of aerobic
apacity. At lower heart rates, fear, excitement, and emo-
ional stress may cause a marked elevation of heart rate at a
ubmaximal work rate without either VO2peak or perfor-
ance capacity being affected. Thus, the submaximal test
eems to be more accurate when using higher workloads.28
Surprisingly, in the HRhigh group, the relative heart rate was
igher compared with the HRlow group, indicating that the
xercise intensity was greater for the HRhigh group. During
xhaustive graded exercise testing, the obtained level of peak
ower output is determined by aerobic as well as anaerobic
apacity (production of lactate). The latter decreases with in-
reasing age.22 Because subjects in the HRhigh group were
ounger compared with the subjects of the HRlow group, the
ontribution of the anaerobic system was possibly larger in the
Rhigh group. As a consequence in this group, cycling at 50%
eak power output suggests cycling at a higher percentage
O2peak and, therefore, a higher percentage HRpeak than in the
Rlow group.
Do the present results imply that our submaximal test could
eplace the exhaustive exercise test? The answer is no, as far as
t concerns the assessment of VO peak, a measurement that is
Below 140bpm (HRlow Group) and Above 140bpm (HRhigh Group)
e at Baseline and Postintervention and Correlation of Change in
ith Change in Maximal Exercise Capacity
rvention Change Score (95% CI) Correlation (P)
604.7 165.0 (131.8 to 198.2)* .10 (0.3)
7.4 2.1 (1.6 to 2.6)* .10 (0.3)
48.0 16.2 (13.7 to 18.7)* .05 (0.6)
13.1 3.5 (4.9 to 2.0)* 1.0
499.4 165.0 (86.5 to 243.5)* .51 (.006)
7.6 2.4 (1.4 to 3.3)* .35 (.08)
49.5 16.5 (11.6 to 21.4)* .69 (.001)
8.7 10.8 (14.2 to 7.4)* 1.0
d-effects model (n141).
seline (n114); HRhigh group—participants cycling with a heart rate














nly accurately determined by an exhaustive exercise test using































































356 EXERCISE TESTING IN CANCER REHABILITATION, May
Aas exchange measurements.22 Moreover, as is also proposed
y others,25 in cancer survivors, an exhaustive exercise test
sing gas exchange measurements should be used as a diag-
ostic tool before the start of the training program to detect
ardiac or pulmonary limitations. Cancer survivors are at risk
or developing cardiovascular complications secondary to
nown cardiotoxic and pulmotoxic effects of many chemother-
peutic agents and the effects of radiation to the mediasti-
um.29 However, our submaximal exercise test proved to be
uitable for the evaluation of changes in fitness over the course
f a training program. The present study showed that submaxi-
al testing at a moderate to high intensity was feasible, as no
omplaints were reported. Compared with an exercise test until
xhaustion, a submaximal test has several advantages. The test
s simple to administer and avoids the expenses, patient dis-
omfort, and increased risk of maximal exercise testing. Taking
hese advantages and the demonstrated sensitivity to change
fter physical training into account, we think this test may be
n appropriate tool to evaluate the fitness changes that occur in
ancer survivors over the course of an exercise training pro-
ram. However, our findings suggest that the testing procedure
sed in this study should be modified to accomplish this. We
hose a workload of 50% of peak power output to avoid the
isk of overstraining our deconditioned population. This inten-
ity was too low to elicit a heart rate response greater than 140
pm in all participants. Instead of a workload of 50% of peak
ower output, the procedure described by Astrand and Ro-
ahl22 can be used to select the appropriate workload for
eaching a heart rate above 140 bpm. Using this procedure
mplies that no exhaustive exercise test is needed ahead of the
ubmaximal exercise test. However, in a population of cancer
urvivors, an exhaustive exercise test is still recommended at
he start of an exercise program for the above-mentioned rea-
ons.
CONCLUSIONS
Our supervised, structured exercise program had positive
ffects on cancer survivors’ maximal and submaximal ex-
rcise capacity. Changes of submaximal and maximal exer-
ise capacity were only weakly related to each other, pos-
ibly because of the insufficient physiologic demand of the
ubmaximal exercise test. When the intensity of the sub-
aximal exercise test was sufficiently high, changes in
ubmaximal heart rate were clearly correlated with changes
n VO2peak and peak power output. For the monitoring of
raining progress in a daily clinical practice, changes in heart
ate at a fixed submaximal workload requiring a heart rate
reater than 140bpm may serve as an alternative to an
xhaustive exercise test.
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